ABSTRACT OBJECTIVES This study sought to assess the relationship between an immediate invasive strategy and survival after an out-of-hospital cardiac arrest (OHCA) of presumed cardiac cause, according to prognosis evaluated on hospital arrival.
However, this invasive strategy is debated, because its use in routine practice is associated with several logistical and organizational problems that challenge 2015 guidelines. Moreover, CAG could delay therapeutic hypothermia and other post-resuscitation care, with potential harm for neurologically injured patients. Currently the process used to select the best candidates for such an early invasive strategy is based on the prediction of a coronary cause, considering clinical prodromes (9) and/or electrocardiogram (ECG) pattern (7, 10) . However, prognosis after OHCA is strongly driven by neurological damage, and anoxicischemic brain injury accounts for most deaths during hospitalization (2, 11, 12) . Patients with most severe neurological damage may die from brain injury regardless of their coronary status, and PCI might be futile in too severely injured patients. Surprisingly no study has investigated the selection of candidates for an early invasive strategy based on their prognosis assessed at time of hospital admission. Using simple clinical and biological admission parameters, the Cardiac Arrest Hospital Prognosis (CAHP) score (13) proved a high discrimination value to stratify neurological outcome after OHCA. This score identified 3 groups of patients according to their outcome (low risk, 40% of unfavorable outcome; medium risk, 80%;
and high risk, 95% to 100%). We assessed the value of this score in the decision process for an early invasive strategy in survivors of OHCA transported to hospital.
METHODS
The methodology of this study is consistent with the STROBE checklist for observational studies (14). 
Coronary Angiogram After OHCA According to Prognosis patients who died before hospital admission, and refractory OHCA without sustained ROSC at admission. We then performed multivariate logistic regression, among each subgroup of CAHP score (<150, 150 to 200, >200), after adjustment for factors associated with survival in univariate analysis (excluding factors already included in the CAHP score calculation to avoid overadjustment).
Finally, 2 sensitivity analysis were performed.
Considering that both European (4) and North
American ( Bougouin et al.
PROGNOSTIC VALUE OF AN EARLY INVASIVE
STRATEGY ACCORDING TO CAHP SCORE. We compared subgroups according to the CAHP score ( Table 3 ). The rate of early invasive strategies signif- After adjustment for sex, bystander CPR, TTM, and post-resuscitation shock, early invasive strategy was significantly associated with a better survival in lowrisk patients (i.e., those with a CAHP score <150; OR:
2.3) ( Table 3) . By contrast, no significant association between early invasive strategy and survival was found for those with medium and high risk of poor neurological outcome (p ¼ 0.55 for CAHP score between 150 and 200; p ¼ 0.43 for CAHP score >200). By contrast, no association between TTM and survival was found in any of the 3 subgroups.
Sensitivity analysis using favorable neurological outcome (CPC 1 and 2) as endpoint found consistent results, with a significant association between early invasive strategy and favorable outcome for CAHP score <150 (OR: 3.1), but no significant association for patients with a higher CAHP score.
SENSITIVITY ANALYSIS RESTRICTED TO PATIENTS WITHOUT ST-SEGMENT ELEVATION ON INITIAL ECG.
Among patients without ST-segment elevation, 392 of 665 (59%) were managed with an early invasive strategy (74% of patients with CAHP score <150, 54%
of patients with CAHP score 150 to 200, and 40% of patients with CAHP score >200; p < 0.001). In this population, using an early invasive strategy was significantly associated with survival (OR: 2.2; 95% CI:
1.2 to 4.2; p ¼ 0.01) in patients with CAHP score <150.
This association was not found in the 2 other subgroups of CAHP score. Sensitivity analysis using favorable neurological outcome (CPC 1 and 2) as endpoint found consistent results, with a significant association between early invasive strategy and outcome when the CAHP score was lower than 150 (OR: 3.1; 95% CI: 1.6 to 6.0; p ¼ 0.001), but no significant association for patients with higher CAHP score values.
DISCUSSION
In this study, using a large unselected populationbased registry, we assessed the association between (4, 7, 10, 20, 25) or troponin measurement (26, 27) . However, PCI, even successful, of a culprit coronary lesion in a patient with severe and irreversible anoxic-ischemic brain injury seems futile. Therefore, as suggested by recent guidelines (20) , optimization of an early invasive strategy not only involves evaluating the probability of an ongoing infarction but could also include an evaluation of the neurological outcome. Identification of patients with a very high probability of irreversible neurological damage is a key issue in selecting patients for an invasive strategy (28, 29) .
We recently developed, validated, and published a simple tool, the CAHP score for early stratification of OHCA patients, with an excellent discrimination value (13) . As suggested by Sunde and Andersen (23) In all of these RCTs the main inclusion criteria is based on the post-resuscitation ECG (mostly, ST-segment elevation or left bundle branch block). By contrast, to the best of our knowledge, none of these RCTs refer to severity as an inclusion or stratification criteria. Given the major differences in prognosis between subgroups of patients defined by the CAHP score, pooling such different patients could lead to issues regarding statistical power. As an example, assuming a similar hypothesis of a relative 10% increase of survival with early invasive strategy, with an alpha risk of 5% and a power of 80%, number of patients needed to treat varies from 2,000 (among selected patients with CAHP <150, survival was 60%) to 7,500 (unselected patients admitted alive, 30% survival in our study). This example strongly supports the crucial need to take into account the severity range of patients in the inclusion criteria in RCTs regarding OHCA, to avoid heterogeneity. To this end, the use of the CAHP score could be an interesting tool to design studies and stratify patients with predefined severity range.
STUDY LIMITATIONS. First, this study is observational and we cannot conclude about causality.
However, performing a RCT in the selected subgroup with CAHP score >200 would require a huge number of patients (more than 100,000), and seems unrealistic. Second, we performed this study through a population-based registry without a homogenous algorithm of decision for early invasive strategy.
Nevertheless, this registry reflects current practices in our region. Third, our results only reflect 1 emergency medical services system. Results from this study (and CAHP scoring itself) need an external validation before generalization, considering that the predictive value of the score may vary in other populations.
Fourth, a high CAHP score alone cannot be used for individual prediction (e.g., to withhold acute coronary intervention). However, this score could be useful for future trials to identify subgroups of patients that might be more likely to benefit from coronary intervention. Fifth, some parameters could be missing when the patient is taken to the laboratory.
To limit these missing data and enhance the ease of use, we chose a limited number of parameters (7 parameters) for the CAHP score, all available from the pre-hospital setting in most cases. Finally, absence of a significant association between early invasive strategy and survival among the highest CAHP score could result from lack of power. The very limited survival rate in this subgroup (7 patients over 274) strongly limited the analysis.
CONCLUSIONS
In this population-based study, we assessed the potential interest of a risk-stratification approach in the decision process for early invasive strategy in OHCA patients. By using the CAHP score, which is a simple tool, we demonstrated that an early coronary invasive strategy is associated with improved survival in patients with preserved neurological outcome (i.e., those with a low CAHP score). By contrast, no significant association was found among patients with presumed pejorative outcome (CAHP score >200).
Presumed outcome should be integrated in the deci- WHAT IS NEXT? Optimal timing for coronary angiogram in such patients remains unclear.
